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(57) ABSTRACT

The present invention relates to customizing individual work-
pieces, such as chip, flat panels or other electronic devices
produced on substrates, by direct writing a custom pattern.
Customization can be per device, per substrate, per batch or at
some other small volume that makes it impractical to use a
custom mask or mask set. In particular, it relates to custom-
izing a latent image formed in a patterning sensitive layer over
a substrate, merging standard and custom pattern data to form
acustom pattern used to produce the customized latent image.
A wide variety of substrates can benefit from the technology
disclosed.
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METHOD AND APPARATUS FOR MERGING
MULTIPLE GEOMETRICAL PIXEL IMAGES
AND GENERATING A SINGLE MODULATOR
PIXEL IMAGE

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/028,390 by the sametitle as this filed on Sep. 16,2013;
which application is a continuation U.S. Pat. No. 8,539,395
by the same title issued on Sep. 17, 2013 and filed on Mar. 2,
2011; which patent claimed the benefit of U.S. Provisional
Application No. 61/311,276 by the same title as this filed Mar.
5, 2010. The priority applications are hereby incorporated by
reference.

This application is further related to U.S. Pat. Nos. 7,328,
425 entitled “METHOD AND DEVICE FOR CORRECT-
ING SLM STAMP IMAGE IMPERFECTIONS” U.S. Pat.
No. 7,405,414 entitled “METHOD AND APPARATUS FOR
PATTERNING A WORKPIECE”, and U.S. Pat. No. 7,842,
525 entitled “METHOD AND APPARATUS FOR PERSON-
ALIZATION OF SEMICONDUCTOR?”. It is further related
to US Patent Publication No. 2010/0142838 Al entitled
“GRADIENT ASSISTED RESAMPLING IN MICRO-
LITHOGRAPHIC PRINTING”. It is also related to US
Patent Publication No. 2011/0216302 entitled “ILLUMINA-
TION METHODS AND DEVICES FOR PARTIALLY
COHERENT ILLUMINATION”. The related patents, patent
publication, and patent application are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

The present invention relates to customizing individual
workpieces, such as chips, flat panels or other electronic
devices produced on substrates, by direct writing a custom
pattern. Customization can be per device, per substrate, per
batch or at some other small volume that makes it impractical
to use a custom mask or mask set. In particular, it relates to
customizing a latent image formed in a radiation sensitive
layer over a substrate, merging standard and custom pattern
data to form a custom pattern used to produce the customized
latent image. A wide variety of substrates can benefit from the
technology disclosed.

It is sometimes useful to permanently load an integrated
circuit with custom, personalized or unique information. This
usefulness has led to the development of a variety of one-time
programmable or write-once memories. One example is
found in U.S. Pat. No. 6,813,182, entitled “DIODE-AND-
FUSE MEMORY ELEMENTS FOR A WRITE-ONCE
MEMORY COMPRISING AN ANISOTROPIC SEMI
CONDUCTOR SHEET.” The crosspoint memory element
described can be converted from a fuse-intact state to fuse-
blown state only once, thereby providing a write-once
memory.

Another example is found in US Patent Publication 2010/
0001330A1, entitled “SEMI CONDUCTOR DEVICE,
DATA ELEMENT THEREOF AND METHOD OF FABRI-
CATING THE SAME.” That application describes nonvola-
tile memories in categories of factory programmed ROMs,
also called mask ROMs, and field programmable memories.

In contrast to the fused memory approaches, the develop-
ment team at Micronic Laser/Micronic Mydata has previ-
ously proposed combining the features of a stepper with an
SLM to optically merge standard data from a mask and cus-
tom data from the SLM. Two patents issued in this area of
technology include U.S. Pat. Nos. 6,813,058 and 7,842,525,
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2
both entitled “METHOD AND APPARATUS FOR PER-
SONALIZATION OF SEMICONDUCTOR.”

Accordingly, there is an opportunity to provide new tech-
nology for permanently loading an integrated circuit with
custom, personalized or unique information. New technolo-
gies may be better integrated into production, more reliable,
more flexible or more cost-effective.

SUMMARY OF THE INVENTION

The present invention relates to customizing individual
workpieces, such as integrated circuits, flat panels or other
electronic devices produced on substrates, by direct writing a
custom pattern. Customization can be per device, per sub-
strate, per batch or at some other small volume that makes it
impractical to use a custom mask or mask set. In particular, it
relates to customizing a latent image formed in a radiation
sensitive layer over a substrate, merging standard and custom
pattern data to form a custom pattern used to produce the
customized latent image. A wide variety of substrates can
benefit from the technology disclosed. Particular aspects of
the present invention are described in the claims, specification
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the general layout of an SLM pattern gen-
erator.

FIG. 2 depicts a scanning system with three arms and a pair
of workpieces being written on opposite sides of the hub.

FIG. 3 depicts a generic data path that includes resampling
to a modulator grid.

FIG. 4 is a high level block diagram of a data flow that
merges standard and custom pattern data.

FIG. 5 illustrates a circular wafer and a rectangular sub-
strate on which multiple dies are formed.

FIG. 6 depicts grids of different pixel size and tile size.

FIG. 7 depicts a variety of modulator and stage types used
for producing latent images.

DETAILED DESCRIPTION

The following detailed description is made with reference
to the figures. Preferred embodiments are described to illus-
trate the present invention, not to limit its scope, which is
defined by the claims. Those of ordinary skill in the art will
recognize a variety of equivalent variations on the description
that follows.

FIGS. 4-6 disclose resampling and merging of standard
and custom data and using the merged data to form a latent
image in a radiation sensitive layer over a substrate by direct
writing device for at least one layer. Unlike the mixed stepper-
SLM technology disclosed in U.S. Pat. Nos. 6,813,058 and
7,842,525, this technology uses direct writing technology for
at least one layer and is compatible with using a stepper
technology or any preferred pattern generator for other layers.

FIG. 4 is a high level block diagram of a data flow that
merges standard and custom pattern data. A merging and
resampling component 433 receives standard pattern data 401
and custom pattern data 431 on two data paths. The data paths
may be physically separate or interleaved, as on a single data
bus or memory access channel. By “data path,” we mean to
refer to how data is delivered to the resampling and merging
component 433. The data may come from vector or raster data
and may be stored on rotating or non-rotating memory.

Design data, typically a vector data set, is converted into a
common vector format for manufacturing. Vector domain
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geometry processing is applied in this format. The vector
format is then rendered into a geometrical pixel map, produc-
ing what we refer to as “standard pattern data”. Pixel domain
image processing is applied and the data is resampled into a
modulator dependent format for printing.

For batch printing, where many identical or nearly identi-
cal panels are produced, it is beneficial to reuse previously
generated data, to avoid redoing the same work multiple
times. However, in the progression of image format versions,
the final modulator pixel map cannot be reused, because it
carries compensations that are unique to a particular panel
being imaged. Examples of such compensation include align-
ment information and distortion compensation. Standard pat-
tern data may be generic across multiple panels and reused, or
it may just be the base data to which customization is applied.
Reuse across panels means that the geometrical map is gen-
erated once, and then the same map is reused for multiple
panels in a batch. That way, the computational effort is lower
and the hardware configuration can be smaller compared to
when the geometrical map has to be regenerated for each
panel. The geometrical map can be produced long before the
actual printing is performed. Actually, multiple geometrical
maps can be prepared in advance and archived for later use.
This scheme also permits inspection of the map prior to
printing.

Reusable standard pattern data inherently makes panels
identical, which typically is desirable. However, there are use
cases in which individuality is desired for some panel, or parts
of some panel, such as substrates for packaging purposes or
memory elements for programming purposes. Examples of
individuality include unit serial numbers, manufacturing
batch or time and date, manufacturing substrate or other
manufacturing data. There are other cases in which edges of
a die require different patterns than the main field of the die,
for instance in large area masks. For these purposes, a second
pixel map of custom pattern data can be used. We disclose
merging and resampling the standard pattern data with the
custom pattern data, for instance at the time when the data is
being used to form latent images.

The merging can be performed at various times, before or
after resampling. Accordingly, merging and resampling are
represented by a single component and may be claimed as a
single action, because the order of merging and resampling
depends on the nature of the standard and custom pattern data.
In some use cases, the merging can be done before resam-
pling, allowing the processing to be performed off-line,
where time is less critical. Then, on-line processing is more
nearly time-wise deterministic, allowing optimization of
compute power. The resampling operation transforms one
input map into one output map, which simplifies the resam-
pling operation. The combined pixel maps can be accessed for
inspection prior to printing.

When merging is performed during resampling, the custom
pattern data pixel maps can be generated immediately before
printing, immediately before the modulator pixel map is gen-
erated. One example of recent custom pattern data generated
near the time of production the exact production time to be
merged into the pattern.

When merging is performed after resampling, the addi-
tional pixel maps may also be merged into an existing modu-
lator pixel map. This can be beneficial when the data flow is
partitioned in a way that requires a merge of multiple modu-
lator pixel maps prior to printing.

During merging, the custom pattern data can be tested to
determine whether any customization is required in a particu-
lar area, frame or tile. If there is no customization, the merge
can be optimized, whether by bypassing the merge altogether
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or performing a merge that will not change the pixel values in
the standard pattern data. If there is no customization, there
may be little or no custom pattern data to process.

The merge between the standard pattern data in the base
geometrical pixel map and the custom pattern data in addi-
tional geometrical pixel map(s) can be performed for match-
ing or much different pixel grids. First, identical and aligned
pixel grids can be merged. In the simplest form, the merge is
performed on multiple pixel maps where the grids and tiles
are matching, i.e., the pixel dimensions and the alignment of
the maps are identical. In this case, the merged can be per-
formed before resampling, pixel-to-pixel, with a simple
merge operation. Alternative merge operations are described
below.

Second, identical but offset pixel grids can be merged.
Here, the grids of the multiple pixel maps have the same pixel
dimensions, but are offset so that a single pixel in one map
does not correspond to a single pixel in the other map. In this
case, the offset can be removed by snapping the offset of the
additional maps to match the base map. Then the merge is
performed before resampling, pixel-to-pixel, with a simple
merge operation. Or, multiple adjoining pixels in the addi-
tional map can be resampled to decide the value of the result-
ing pixel to be merged.

Third, non-matching pixel grids can be merged. This is
illustrated in FIG. 6, which depicts grids of different pixel size
and tile size. In this illustration, the standard pattern data is in
grid 601 and the custom pattern data is in grid 611. Three
pixels of custom data 613 fit over twelve pixels of standard
data 605. A connecting pattern 613 overlays pads 603 of an
open gap. This is a simplification of programming a custom
pattern of ones and zeros as closed and open connections.
When the pixel grids are not matching, either by pitch or
offset, the merge can be performed by resampling the images
to a common grid and tile. Or, multiple grids could be resa-
mpled at the same time and the resampling results merged.

When pixel grids match, the merge can be done pixel-by-
pixel with a simple one-to-one merge operation. Depending
on the data involved, different merge operations can be used,
such as Replace, Add, Subtract, XOR, AND, OR. The opera-
tions Replace, Add and Subtract can be used for pixels are
represented by floating point or integer values, but the logical
operations are difficult to apply to floating point values, due to
exponent scaling. If the pixels are represented by integer
values, any of these merge operations can be applied.

Workpieces that can benefit from custom pattern data
include silicon or semiconductor wafers, circuit boards, flat-
panel displays and substrates of flexible material used in
roll-to-roll production. FIG. 5 illustrates a circular wafer 501
and a rectangular substrate on which multiple dies 511, 515
are formed. The dies are separated to form chips or flat panel
substrates.

The customization technology disclosed can be applied in
a variety of environments. The Micronic Laser development
team has pioneered a variety of platforms for microlitho-
graphic printing. An established platform for the Sigma
machine is depicted in FIG. 1. A rotor printing platform
described in recently filed patent applications is depicted in
FIG. 2. A drum printing platform is described in other patent
applications. FIG. 7 depicts a variety of modulator and stage
types used for producing latent images. Some of these modu-
lators and stages are currently in use and others have yet to be
developed. In addition to the systems depicted, scanner-based
direct writing also have been described, particularly in col-
laborative work of Micronic Laser and ASML.
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Inthe following paragraphs, we describe two environments
that use a 2D SLM, which may benefit from use of the tech-
nology disclosed.

FIG. 1 depicts the general layout of an SLM pattern gen-
erator with a of Xy stage. The workpiece to be exposed sits on
a stage 112. The position of the stage is controlled by precise
positioning device, such as paired interferometers 113.

The workpiece may be an integrated circuit or flat panel
with a layer of resist or other exposure sensitive material. In
the first direction, the stage moves continuously. In the other
direction, generally perpendicular to the first direction, the
stage either moves slowly or moves in steps, so that stripes of
stamps are exposed on the workpiece. In this embodiment, a
flash command 108 is received at a pulsed Excimer laser
source 107, which generates a laser pulse. This laser pulse
may be in the deep ultraviolet (DUV) or extreme ultraviolet
(EUV) spectrum range. The laser pulse is converted into an
illuminating light 106 by a beam conditioner or homogenizer.
Applying the technology disclosed herein, a continuous laser
with the illuminator described could be substituted for the
pulsed laser, especially with the workpiece tracking optics.

A beam splitter 105 directs at least a portion of the illumi-
nating light to an SLM 104. The pulses are brief, such as only
20 ns long, so any stage movement is frozen during the flash.
The SLLM 104 is responsive to the datastream 101, which is
processed by a pattern rasterizer 102. In one configuration,
the SLM has 2048x512 mirrors that are 16x16 um each and
have a projected image of 80x80 nm. It includes a CMOS
analog memory with a micro-mechanical mirror formed half
a micron above each storage node.

The electrostatic forces between the storage nodes and the
mirrors actuate the mirrors. The device works in diffraction
mode and needs to deflect the mirrors by only a quarter of the
wavelength (62 nm at 248 nm) to go from the fully on-state to
the fully off-state. To create a fine address grid the mirrors are
driven to on, off and 63 intermediate values. The pattern is
stitched together from millions of images of the SLM chip.
Flashing and stitching proceed at a rate of 1000 stamps per
second. To eliminate stitching and other errors, the pattern is
written four times with offset grids and fields. Furthermore,
the fields may be blended along the edges.

The mirrors are individually calibrated. A CCD camera,
sensitive to the Excimer light, is placed in the optical path in
a position equivalent to the image under the final lens. The
SLM miirrors are driven through a sequence of known volt-
ages and the response is measured by the camera. A calibra-
tion function is determined for each mirror, to be used for
real-time correction of the grey-scale data during writing. In
the data path, the vector format pattern is rasterized into
grey-scale images, with grey levels corresponding to dose
levels on the individual pixels in the four writing passes. This
image can then be processed using image processing. The
final step is to convert the image to drive voltages for the
SLM. The image processing functions are done in real time
using programmable logic. Through various steps that have
been disclosed in the related patent applications, rasterizer
pattern data is converted into values 103 that are used to drive
the SLM 104.

FIG. 2 depicts a rotor scanning system with three arms and
apair of workpieces 211, 212 being written on opposite sides
of the hub 248. A rotary printer as depicted may print 2D
images on the workpiece. This system may have a duty cycle
01'100%. Each rotor writes through an arc of 60 degrees. Only
one arm 240 writes at a time, alternatively on the two work-
pieces 211 and 212. The laser energy is switched by polar-
ization control 232 between the two SLMs 247 and 249, and
the data stream is also switched between the SLMs. Since the
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laser 220 and the data path 235 are among the most expensive
modules in writing machines, this embodiment has been
designed to use laser and data channel 100% of the time while
the SL.Ms and the optics in the arms have lower duty cycles,
50% and 33% respectively. This may be, for instance, an
example of a writing system with three rotating arms 240A-C.
There are a variety of alternative designs for these arms and
the relay optics. The figure conceptually depicts a laser 220
and a controller 235 sending data to two SLMs 230 which are
relayed 232, 247, 249 to the rotating arms. It shows how each
arm moves in front of each SLM and writes a series of con-
centric stamps on the workpieces 211, 212. While two work-
pieces are shown in this figure, more workpieces could be
positioned under a rotor, depending on its size. While the
example is described as a writing system, the direction of
relay could just as easily be from the workpiece back to a pair
of detectors positioned where the laser 220 is and elsewhere.
In alternative configurations, one workpiece might be used;
four arms might be used.

Some particularly useful applications of this technology
involve writing patterns on electronic substrates, such as:
wafers’ front and back sides; PCBs; build-up, interposer and
flexible interconnection substrates; and masks, stencils, tem-
plates and other masters. Likewise, the rotor writer can be
used for patterning panels in displays, electronic paper, plas-
tic logic and photovoltaic cells. The patterning can be done by
exposure of photoresist, but also through other actions of light
such as thermal or photochemical processes: melting, evapo-
ration, ablation, thermal fusing, laser-induced pattern trans-
fer, annealing, pyrolytic and photo induced etching and depo-
sition.

FIG. 3 depicts a generic data path. Data for a pixel-based
exposure system that prints in a sequential manner is “flat-
tened” (all data contributing to one pixel aggregated) and
localized. The pattern represented as a rendered geometrical
pixel map (GPM 121) fulfils these properties and makes a
suitable format as intermediate storage.

A re-sampling process converts the GPM into modulator
pixels in a modulator pixel map (MPM 123). Image process-
ing and morphological operations can also be applied during
this re-sampling process. It is possible to apply the image
processing and morphological operations at both local parts
of'the pattern, such as over the exposure system field of view,
or globally over the pattern. The image processing and mor-
phological operations include, but are not limited to, scaling,
translation, rotation, distortion and sizing. These operations
can be used to compensate both for how the exposure system
projects pixels onto the mask/substrate and for properties of
the mask/substrate.

Due to fidelity requirements and the potential information
loss during the re-sampling process, the intermediate pixel
map (GPM 121) has a higher resolution than the Modulator
Pixel Map (MPM 123). By using gradient information in the
re-sampling process, the memory resolution required to sat-
isfy the requirement of the GPM 121 can be significantly
reduced.

The majority of the pattern dependent processing steps are
done during generation of the GPM 121. The re-sampling is
primarily used to handle localized pattern dependent (mor-
phological) operations. It is advantageous to limit re-sam-
pling to localized pattern dependent operations, as this
improves the predictability of computational effort for the
re-sampling. Predictable computational effort, in turn, makes
it easier to optimize the configuration.
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The use of the GPM 121 as intermediate storage enables
exposure system independence, since processing steps to
generate the GPM 121 can be made generic and independent
from an exposure system.

Processing requirements for data paths in high resolution
microlithography are very challenging, even using the latest
and most capable processing hardware. A contributing factor
to success in high resolution processing and in high perfor-
mance computing (HPC), generally, is parallelization. Paral-
lelizing high resolution processing involves dividing the pro-
cessing into small pieces. Microlithography applications that
use the data paths described, process data that has a geo-
graphical property, which works within a coordinate system.
One convenient way to divide the task is coordinate oriented.

Processing according to the architecture disclosed can be
described in two domains, called off-line and on-line. Pro-
cessing also operates in different data domains. In this dis-
closure, we refer to processing to create the geometrical pixel
maps 121 as “GPM processing.” We refer to resampling of the
GPM to create the modulator pixel map 123 as “MPM pro-
cessing.” In the first phase of processing, operations are done
in a geometrical coordinate system that is independent of
modulator type and geometry. The second phase is adapted to
a particular modulator. It produces tiles that are pieces of
modulator data arranged according to requirements from
modulator.

When discussing the data path, we call the abutting parts of
an area, covered by the pattern, “tiles” 510. Tiles can be fully
described by geometrical coordinates. We refer to tiles in both
the GPM processing and the MPM processing, even though
the coordinate systems could be quite different between the
two.

In addition to the GPM 121 processing domain and MPM
123 processing domain, a third data domain warrants discus-
sion. The vector data domain precedes rasterization to create
the GPM. Therefore, the three different data domains are
vector data, pixel data in a consolidated Geometrical Pixel
Map (the GPM) 121 and pixel data organized for the modu-
lator (the MPM 123, Modulator Pixel Map).

Some Particular Embodiments

The technology disclosed includes a method of forming a
custom latent image in a radiation sensitive layer over a
substrate. This method includes receiving standard data on a
first data path and receiving custom pattern data on a second
data path. We intend for data paths to be broadly construed.
Standard pattern data is pattern data that is repeatedly used for
multiple dies or areas within a die and for multiple substrates
in a batch, subject to customization. Custom pattern data is
used to modify the standard pattern data to produce a custom
latent image. The method further includes resampling and
merging the standard custom pattern data to form a merged-
rasterized pattern data that represents the physical, custom
latent image to be formed in a radiation sensitive layer. A
latent image may be positive or negative, depending on the
resist or other radiation sensitive material applied over the
substrate. In typical device manufacturing processes, a latent
image is developed and parts of the radiation sensitive layer
removed to form a pattern. The pattern is used to add or
remove material as part of forming electronic devices.

The method further may include forming the custom latent
image in the radiation sensitive layer from the merged-raster-
ized pattern data using a direct writing device. Several
samples of direct writing devices are given above and
depicted in FIGS. 1-2. In addition, FIG. 5 depicts a wide range
of modulator types and scanning stages that could be com-
bined to produce direct writing devices not yet in production.
We intend for direct writing device to be broadly construed.
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The difference between a direct writing device and a more
conventional stepper is that the stepper uses a mask or reticle,
while the direct writing device uses a modulator as a virtual
mask.

The standard and custom pattern data may be on aligned or
offset grids. The pattern data of these types may use that the
same or different pixel sizes. The simplest case is when the
grids are aligned and coincident. Then, a pixel-to-pixel merge
can be applied prior to resampling the data. In some instances,
it is necessary first to resample the standard and custom
pattern data to aligned grids, to facilitate the merge. The order
of merging and resampling, thus, depends on the particular
data being used to form a custom latent image.

The standard and custom pattern data can be processed in
parallel, through separate pipelines. Or, they can be inter-
leaved for data retrieval and/or resampling, then merged.

Optionally, the resampling and merging can be performed
in real-time. By real-time, we mean that the merging and/or
resampling of the second portion of data for a particular
custom latent image happens as a first portion of merged-
rasterized pattern data, which is already been subjected to
merging and resampling, is being used to form a first portion
of'the particular custom latent image. In real time, some of the
resampling and merging for writing to a substrate is going on
while merged-rasterized pattern data is being used to form
part of the latent image on the substrate.

As described above, the substrate can take a variety of
forms. It can be a silicon or semiconductor wafer, circuit
board, flat-panel display, or a flexible substrate used in so-
called rule-to-roll production.

The method described can be applied one or more times to
pattern one or more layers over the substrate. After latent
images are formed, conventional patterning processes are
applied to form electronic devices on the substrate. The
method may be extended by using these processes to form
electronic devices.

The custom data may be unique at a variety of levels. It may
be unique to a particular die on a particular substrate, such as
a serial number. It may be unique to a particular substrate,
such as the time that the printing of the layer begins. Or, it may
be unique to a particular batch of substrates, such as a batch
control number. Alternatively, custom data may be used with
a large regular device, such as a memory chip or a flat-panel
display, to finish edges of the pattern or to stitch together
adjoining panels.

The technology disclosed also can be practiced as a con-
troller adapted to be linked to data paths and a direct writer.
This controller processes standard and custom pattern data
according to any of the methods described above. The con-
troller would include memory and a processor, whether a
conventional CPU, RISC processor, FPGA, GPU, or other
processing logic. Computer instructions are processed to
merge and resample the standard and custom pattern data and
output it foruse by a direct writing device. The controller may
be extended by combination with a direct writing device to
form a writing system that practices any of the methods
described above.

The technology disclosed also can be practiced as non-
transitory storage, such as rotating or nonrotating memory,
loaded with computer instructions. The computer instruc-
tions may either be instructions adapted to carry out any of the
methods described above or adapted to be combined with
hardware to produce the controller or writing system
described above.

We claim as follows:

1. A method of forming a custom latent image in a pattern-
ing layer over a substrate, the method including:
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receiving standard pattern data;

receiving custom pattern data;

merging the standard and custom pattern data to form a

merged-rasterized pattern data that represents a physi-
cal, custom latent image to be formed in a patterning
layer; and

forming the custom latent image in the patterning layer

from the merged-rasterized pattern data using a direct
writing device.

2. The method of claim 1, wherein the merging includes
merging by resampling of the standard and custom data,
wherein multiple grids associated with the respective stan-
dard and custom pattern data are resampled to acommon grid,
in order to allow non-matching pixel grids to be merged.

3. The method of claim 1, further including applying the
merging to a second portion of pattern data for a particular
custom latent image while a first portion of merged-rasterized
pattern data is being used by the direct writing device to form
a first portion of the particular custom latent image.

4. The method of claim 1, wherein the standard pattern data
represents a pattern field that repeats at a plurality of adjoin-
ing locations and the custom data represents a pattern edge.

5. The method of claim 1, wherein the standard pattern data
represents a pattern field that repeats at a plurality of adjoin-
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ing locations and the custom data represents a stitching areas
between the adjoining locations.

6. The method of claim 1, wherein the substrate is any of a
silicon wafer, a semiconductor wafer, a circuit board, or a
flat-panel display, further including developing the custom
latent image and forming one or more electronic devices from
the substrate.

7. The method of claim 3, wherein the substrate is any of a
silicon wafer, a semiconductor wafer, a circuit board, or a
flat-panel display.

8. The method of claim 3, wherein the substrate is a flexible
material used in roll-to-roll production.

9. The method of claim 1, further including applying the
receiving and forming actions one or more times, patterning
layers over the substrate using the custom latent images, and
forming electronic devices using the patterned layers.

10. The method of claim 1, wherein the custom data is
unique to a particular batch of substrates.

11. The method of claim 10, wherein the custom data is
unique to a particular substrate.

12. The method of claim 11, wherein the custom data is
unique to a particular die on a particular substrate.
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